Introduction
Management of patients with hyperlipidaemia remains an important healthcare issue as coronary heart disease (CHD) continues to be the leading cause of mortality and morbidity in the United States (US) affecting 13 million Americans and costing $130 billion annually (1) . The National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) guidelines highlighted the importance of aggressive hyperlipidaemia treatment by recommending LDL-C goal < 100 mg/dl for high-risk patients (2) . In July 2004, an optional LDL-C goal < 70 mg/dl for very high-risk patients was recommended (3) .
Investigations of patients treated with statins by community-based physicians are limited and indicate that treatment for hyperlipidaemia may be suboptimal (4-6) compared with clinical trial efficacy data (7) (8) (9) (10) (11) . Reports indicate that many patients are not managed aggressively to reach ATP III goals, only 38-48% of patients in different health plans achieved goal (12, 13) while only 23-24% of high-risk patients reached goal (14, 15) . With this gap in goal attainment, there is a need to determine if one statin is more effective than others in reducing LDL-C and attaining LDL-C goal so that physicians may optimise their patient outcomes.
Moreover, with the advent of Medicare D pharmacy benefits, older patients will potentially have greater access to statin therapy. Thus, clinicians need evidence regarding which statin is more effective for their Medicare-eligible patients (age ‡ 65 years) and patients < 65 years of age. This study was designed
OnlineOpen: This article is available free online at www.blackwell-synergy.com
S UMMA RY
Objective: This study compared effectiveness of rosuvastatin (RSV) with other statins on lowering LDL-C and LDL-C goal attainment among Medicare-eligible patients (age ‡ 65 years) and patients with age < 65 years treated in usual clinical practice to provide evidence of real-world effectiveness of statins. Methods: Retrospective cohort study was conducted in patients, newly prescribed statin therapy during August 2003 to May 2005. Patient inclusion criteria: no prior prescription for dyslipidaemic medication in the preceding 12 months, continuously enrolled for ‡ 15 months and ‡ 90-day supply of statin. Effectiveness of RSV in reducing LDL-C and attaining LDL-C goal when compared with other statins was evaluated using multivariate regression, adjusting for baseline LDL-C, age, gender, smoking, hypertension, coronary heart disease (CHD), systolic blood pressure and therapy duration. Results: Adjusted per cent LDL-C reduction was significantly greater (p < 0.05) with RSV (24.3% for ‡ 65 and 28.5% for < 65) compared with ATV (17.5%, 21.3%), SMV (14.8%, 18.4%), PRV (11.3%, 15.8%), FLV (10.7%, 20.6%) and LOV (13.3%, 14.4%). Among patients in both age groups at high or moderate CHD risk, a greater proportion of RSV patients attained LDL-C goal (76.0% for age group ‡ 65 years and 78.4% for age group < 65 years) vs. 50.5-73.0% for ‡ 65 and 51.3-71.5% for < 65 years of age on other statins (p < 0.0001). Conclusions: Rosuvastatin is more effective in lowering LDL-C in Medicare-eligible patients and patients < 65 years of age when compared with other statins in usual clinical practice. Moreover, RSV patients had higher LDL-C goal attainment rates when compared with other statins in high-and moderaterisk patients. The study results have implications for clinicians in selecting the optimal statin to meet individual patient care needs.
What's known
Clinical trials have shown that statins are efficacious in managing dyslipidaemia and that rosuvastatin is more efficacious than other statins in lowering LDL-C. There have been only a few studies that examined the effectiveness of statins in clinical practice, outside the controlled trial setting. Most of these studies have not included rosuvastatin as it was introduced to the market later.
What's new
This investigation provides estimates of LDL-C lowering and LDL-C goal attainment among patients ‡ 65 years of age which has not been a focal point of other studies. Previous investigations have largely included patients < 65 years of age because of the lack of available databases with lipid results or have not stratified LDL-C by age group. Moreover, this study compared all marketed statins instead of a selected few statins.
to determine the differential effectiveness of rosuvastatin (RSV) compared with other statins in reducing LDL-C and reaching ATP III LDL-C goal among Medicare-eligible patients and patients < 65 years of age treated by physicians in usual clinical practice. This study provides evidence of how effective statins are in routine clinical practice and whether the effectiveness is similar for younger vs. older patients.
Methods
A retrospective cohort study was conducted utilising the General Electric Medical System (GEMS) electronic medical records database of patients treated in physician practices. The study objective was to examine the effectiveness of statins under usual care at reducing LDL-C and ATP III goal attainment by comparing RSV with atorvastatin (ATV), simvastatin (SMV), pravastatin (PRV), fluvastatin (FLV) and lovastatin (LOV). Older patients, 65 years and older, were examined separately from patients < 65 years of age to identify the most effective statin for the Medicare and non-Medicare population.
Patients who were newly prescribed statin therapy during August 2003 to May 2005 and had no prior prescription for dyslipidaemic medication, including bile acid sequestrants, fibrin, niacin, ezetimibe or statin, in the preceding 12 months were included in the study. The GEMS database included the electronic medical records (EMR) of patients treated in usual clinical practice for over 3000 physicians across the US. The EMR was utilised largely by primary care physicians (85%) and cardiology practices (5%). All patient care activities (outpatient medical and procedures, prescriptions, laboratory) in the physician's office are captured in the EMR.
Titration of statin therapy was allowed but patients switching to other statins during the study period were excluded as the effect of the initial statin could not be isolated in patients switching statins. Patients had to be continuously enrolled for a minimum of 15 months; 12 months prior to and 3 months after initiation of statin therapy. Additionally, patients were required to have a minimum of 90-day supply of statin therapy (either a 90-day prescription or three 30-day prescriptions), and lipid results within 90 days prior to and > 30 days after initiating statin therapy. The lipid value closest to the date of statin therapy initiation was defined as the baseline lipid measure. The follow-up lipid value was defined as the average of all lipid measures during the follow-up period, from 30 days after initiation of statin therapy to the date of the last statin prescription at the time of discontinuation or end of study (August 2005) . The average LDL-C was used to obtain stable estimates using all available data and followed the methodology by Bullano et al. (16) . Therapy discontinuation was defined as the lack of a prescription or refill order within a 50% time period of the prescription supply. Thus, if a 30-day statin supply was ordered then the prescription must be refilled or a new order written within 45 days of the initial prescription to consider the patient persistent on statin therapy. Similarly, if a 90-day statin supply is ordered then the second prescription or refill must be written within 135 days of the initial prescription date to consider the patient persistent.
Two effectiveness outcomes were assessed: (1) per cent reduction in LDL-C and (2) percentage of patients attaining NCEP ATP III LDL-C goal. The outcome measures were computed for each individual statin and then compared with RSV. Change in total cholesterol, high-density lipoprotein (HDL-C) and triglycerides was also computed. For LDL-C goal attainment assessment, patients were stratified based upon NCEP CHD risk groups (2) . CHD and CHD risk equivalent was defined as myocardial infarction, ischaemic heart disease, acute coronary syndrome, cerebral vascular accident, transient ischaemic attack, peripheral vascular disease, abdominal aortic aneurysm, angina pectoris, atherosclerosis and diabetes mellitus based on ICD-9 codes. The GEMS EMR (outpatient data only) did not contain information on inpatient procedures so the classification of patients with coronary artery bypass graft, angioplasty or other revascularisation into the high-risk category was not possible. A count of risk factors was done to assign patients to moderate or low risk. Moderate-risk patients were defined by the presence of two or more CHD risk factors including current cigarette smoking, hypertension diagnosis or blood pressure ‡ 140/90 mmHg, low HDL-C < 40 mg/dl and age ‡ 45 for men and ‡ 55 for women. Low-risk patients were those with one or no CHD risk factors.
Given the lack of inpatient procedures data and data from non-primary care settings, there was a potential for misclassifying high-risk patients as moderate risk. The fact that physicians started these patients with LDL-C < 130 mg/dl on a statin treatment was considered a strong indicator of their underlying high-risk status or a more aggressive LDL-C target goal (< 100 mg/dl). LDL-C goal was defined as < 100 mg/dl for high-risk patients as well as those moderate-risk patients who were already at goal < 130 mg/dl at baseline. Moderate-risk patients not at LDL-C goal at baseline had a goal of < 130 mg/dl (2). Low-risk patients' LDL-C goal was < 160 mg/dl (2) . Moreover, family history of premature CHD was not available in the EMR and was not included as one of the risk factors. Thus, some patients may have been classified as low risk instead of moderate risk.
Linear regression analyses were conducted to compare effectiveness of RSV with other statins in lowering LDL-C while adjusting for age, gender, smoking, hypertension, CHD, systolic blood pressure, baseline LDL-C and therapy duration. Logistic regression analyses were undertaken to compare LDL-C goal attainment between RSV and other statins while adjusting for the same baseline characteristics. The goal attainment analyses were stratified by CHD risk level, high plus moderate risk and low risk. The sample mean of predicted probabilities from the logistic regression models was used as an estimate of the expected rate of goal attainment adjusted for patient characteristics. All statistical analyses were conducted using SAS version 9.1 (SAS Institute, Inc., Cary, NC).
Results
There were 5989 patients with age ‡ 65 years, and 5326 patients who were < 65 years of age who met the study inclusion criteria. RSV patients comprised 4% of the ‡ 65 age group and 6% of the < 65 age group (Table 1) . RSV Medicare-eligible patients (age ‡ 65 years) and patients < 65 years of age had higher baseline LDL-C (p < 0.05) and total cholesterol (p < 0.05) than other statin patients except for LOV (Table 1 ). RSV patients also had shorter therapy duration (p < 0.05) than all other statin patients likely because of relatively recent availability when compared with other statins. Medicare-eligible RSV patients were younger than other statin patients (p < 0.05) except for ATV and SMV (Table 1 ). For patients < 65 years of age, RSV patients were significantly younger than SMV and LOV patients (Table 1) . For both Medicare-eligible and patients < 65 years of age, initial statin dose did not vary by CHD risk level (Table 1) .
Lipid changes
Medicare-eligible RSV patients had significantly greater (p < 0.05) LDL-C reduction (29.8%) compared with other statins (11.3-19.1%), despite differences in age and therapy duration ( Table 2 ). For patients < 65 years of age, RSV patients had significantly greater (p < 0.05) observed LDL-C reduction (33.6%) compared with other statins (17-23.6%) ( Table 2) . After adjustment for differences in baseline characteristics, both Medicare-eligible patients and patients < 65 years of age, RSV patients had significantly greater LDL-C reduction than other statins (p < 0.05) ( Table 2) . After adjustment, patients < 65 years of age who were treated with RSV had a 28.5% LDL-C reduction compared with 14.4-21.3% for other statins. Similarly, Medicare-eligible RSV patients had a greater adjusted (24.3%) per cent LDL-C reduction compared with other statins (10.7-17.5%). Medicare-eligible patients and patients < 65 years of age treated with RSV had significantly greater reduction in total cholesterol than other statin patients (Table 3 ). Medicare-eligible RSV patients had an adjusted 17.5% reduction in total cholesterol compared with 7.0-12.2% for other statins, p < 0.05. Among patients < 65 years of age, RSV had an adjusted 22.1% total cholesterol reduction compared with 17.2% for ATV (p ‡ 0.05) and 10.8-14.1% for other statins (p < 0.05). The average change in HDL-C for each statin was 0.8-3.4% for Medicareeligible and )1.3% to 1.7% for < 65 patients (Table 3 ). There was no difference in the change in triglycerides between RSV and other statins for either the Medicare-eligible patients or patients < 65 years of age.
ATP III goal attainment
ATP III goal attainment was computed by CHD risk level and patients who were at LDL-C goal level at baseline were excluded. A greater proportion of moderate-and high-risk RSV patients compared with other moderate-and high-risk statin patients, both Medicare-eligible patients and < 65, attained ATP III LDL-C goal after adjusting for baseline differences (Table 4) . After adjustment, approximately 78% of < 65 years of age moderateand high-risk patients and 76% of high-and moderate-risk Medicare-eligible patients attained LDL-C goal on RSV compared with 51-71% of < 65 years of age patients and 50-73% of older patients taking other statins (Table 4) .
There was little difference across statins in LDL-C goal attainment among the low-risk patients for both Medicare-eligible patients and patients < 65 years of age (Table 4) . After adjustment, a significantly greater proportion of low-risk RSV patients < 65 years of age had attained LDL-C goal compared with PRV and LOV (p < 0.05). For Medicare-eligible low-risk patients, a significantly greater proportion of RSV patients attained LDL-C goal than PRV (p < 0.05) after adjustment for baseline covariates.
Discussion
Rosuvastatin is more effective in lowering LDL-C in this sample of Medicare-eligible patients and patients < 65 years of age than other statins. These greater LDL-C reductions resulted in better goal attainment among RSV patients, both < 65 and ‡ 65 age groups. For moderate-and high-risk RSV patients, 76% attained ATP III LDL-C goals compared with 50-73% of other statin patients. There was no difference in goal attainment across statins for low-risk patients. RSV was also more effective (p < 0.05) in lowering total cholesterol among Medicare-eligible patients and patients < 65 years of age than other statins. A 6% difference in per cent LDL-C is considered to be clinically meaningful (17, 18) . A greater than 6% difference in LDL-C reduction between RSV and other statins as observed in the present study indicated clinical meaningfulness of the study findings. A definition for clinically meaningful difference in LDL-C goal attainment has not been established, so clinicians and payers may need to define their own clinically significant threshold. However, one could hypothesise that the clinically and statistically meaningful difference in LDL-C reduction as observed in this study should equate to a clinically meaningful difference in goal attainment. The present study only focused on lipid changes and goal attainment comparisons of RSV with other statins and did not examine mortality or cardiovascular event differences as end-points. Clinical trials examining the impact of RSV on mortality and cardiovascular event outcomes are ongoing (19) (20) (21) . A meta analysis of 14 randomised trials of statin therapy indicated that statins safely reduced the 5-year incidence of major coronary events, coronary revascularisation and stroke by about one-fifth per mmol/ l (39 mg/dl) reduction in LDL-C (22) . This analysis found an approximately linear relationship between the absolute reductions in LDL-C achieved and the proportional reductions in the incidence of coronary and other major vascular events and that larger LDL-C reductions produced larger reductions in vascular disease risk. These results cannot be directly applied to the current study findings as it is not a randomised trial and there are obvious differences in inclusion criteria and follow-up period between the trials included in the meta analysis when compared with the current observational study. However, one can use the results of the meta analysis to arrive at a general guidance of the expected benefits in terms of avoided cardiovascular events. Extrapolating to the study's 49.7 mg/dl average absolute reduction in LDL-C for Medicare-eligible patients and 61.2 mg/dl average absolute reduction in LDL-C for < 65 years of age patients with RSV, it could be estimated that continued RSV therapy could reduce major vascular events by one-fourth and one-third respectively. Such estimates can also be projected for other statins in this study or for differences in LDL-C reduction observed between different statins.
This study provides evidence of greater effectiveness of RSV in usual care. The data reflect patients treated in the community, largely by primary care physicians, and represent clinicians' treatment patterns for their statin patients. Moreover, this is the first investigation to provide effectiveness estimates of statins for the Medicare-eligible population. Other studies have derived estimates from clinical trial populations and managed care populations which tend to be predominantly younger and employed rather than ‡ 65 and retired. It is also important to recognise that many patients on statin therapy (both Medicare-eligible and < 65 years) were not achieving their LDL-C goal in usual care. As few as 51-65% of patients reached goal on LOV, PRV or FLV, leaving 34-49% of patients not attaining LDL-C goal. Thus, the selection of a statin that increases the likelihood of attaining goal is important. Future studies need to examine specific reasons for this low LDL-C goal attainment rate and limited adoption of guidelines.
Statin therapy utilisation patterns were different between patients with ‡ 65 and < 65 years of age, with more Medicare-eligible patients receiving generic statins (38%) than < 65 years of age patients (28%). Additionally, age ‡ 65 was an independent predictor of LDL-C outcomes in the total population. Hence, we examined statin effectiveness in the age-stratified groups of < 65 and ‡ 65. Our effectiveness estimates were generally lower than (11-28% LDL-C reduction) other investigations in the real-world setting (4, 16, 23, 24) . This may be because our database included prescription order data rather than pharmacy dispensing data. Assuming that this potential bias may have impacted the effectiveness estimates of all statins (i.e. no documented evidence of differences across statins), the relative differences in the effectiveness of one statin compared with the other would remain unchanged. Moreover, our LDL-C estimates represent usual care, reflecting what physicians may observe with their patients, including the impact of compliance with therapy, diet and exercise on overall therapy effectiveness. A recent investigation examined the effectiveness of RSV vs. ATV in usual care setting and found greater LDL-C reduction (34% vs. 27%) and goal attainment (odds ratio ¼ 1.9) in RSV patients compared with ATV (25) . This study did not examine statin effectiveness in the Medicare-eligible patients and < 65 years of age patients and did not evaluate all statins as has been done in the present study. Difference in the magnitude of effectiveness between the two studies may be related to differences in the nature of data sources (EMR vs. claims databases) and populations. Likewise, the Bullano 2006 study compared RSV effectiveness with all other statins and found RSV was more effective in reducing LDL-C and attaining LDL-C goals in a usual care setting (16) . The present study confirms these findings using a prescription (as opposed to dispensing) type of dataset and in defined subpopulations of patients (defined by age categories of < 65 and ‡ 65 years) in usual care. The differences in study populations and data source between the present study and previous studies further highlight the uniqueness of the present study and, importance and relevance of the present study results in patient care decisions.
Differences between clinical trial efficacy and realworld effectiveness of statins has been previously reported (23) . The purpose of the present investigation was to determine if the greater LDL-C lowering efficacy of RSV shown in clinical trials (18) held true for effectiveness in usual clinical practice as well. Our findings confirm previous reports of reduced effectiveness of statins in usual care (as opposed to efficacy observed in clinical trials) across all statins and also confirm greater LDL-C lowering effectiveness of RSV when compared with other statins in usual clinical practice.
Recent generic availability of SMV has provided further opportunities to achieve efficiency in management of patients with dyslipidaemia. To realise efficiencies without compromising quality of care, appropriate patient-specific selection for generic statins and branded statins is required. Our analysis of real-world clinical practice data indicated that highand moderate-risk RSV patients were more likely to attain LDL-C goals when compared with other statins (including generic statins). However, no difference in goal attainment rate between RSV and SMV was observed in low-risk patients. This suggests that generic SMV may be used in low-risk patients and RSV may be used in high-and moderate-risk patients to achieve effective and efficient management of dyslipidaemia in the population. An extensive and formal cost-effectiveness evaluation of statins was beyond the scope of this study. However, using the observed effectiveness from this study and the wholesale acquisition costs for statin therapy (First DataBank National Drug Data File), a cost-effectiveness ratio (cost per LDL-C reduction) for RSV would be $3359 for patients < 65 years of age and $3683 for Medicare-eligible patients and $5251 and $6969 for ATV patients < 65 years of age and Medicare-eligible respectively. For generic SMV, a rough cost-effectiveness ratio would be between $373 and $458 for patients < 65 years of age and between $584 and $716 for Medicare-eligible patients when using $0.06-$0.10 (26) for generic SMV tablet. These cost-effectiveness data further demonstrate that RSV may be used as the branded statin for effective and efficient management of dyslipidaemia among patients requiring a large reduction in LDL-C and generic SMV may be the efficient and appropriate generic statin for patients requiring a smaller LDL-C reduction.
Our study has limitations that should be considered. The study population includes patients treated by physicians utilising an electronic medical record system in their clinical practice. Although over 3000 physicians across the US are included, there may be differences in clinical practice patterns between physicians who utilise GEMS and physicians who are not electronically equipped. However, our study population included a more heterogeneous group of patients with Medicare health insurance and those with Medigap and/or commercial insurance rather than investigations that focussed only on employed patient populations in managed care (4, 19, 20) . Selection bias may have occurred because of the observational nature of the study. Yet, multivariate analyses were employed to control for differences in demographics and clinical characteristics. Moreover, the study pharmacy data is the physician prescription order and not pharmacy claims data. Therefore, it was not possible to ascertain that all statin prescription orders were filled by the patient. To reduce introduction of potential bias because of non-filling of some prescriptions, only those patients with at least 90 days supply of statin therapy were included. An additional limitation is the lack of inpatient procedure data in the GEMS database. Patients with angioplasty, coronary artery bypass graft and other revascularisation procedures are classified as high-risk patients according to NCEP ATP III (2) . These patients could not be distinguished in our dataset thereby reducing the size and composition of our high-risk group. Furthermore, diagnoses from specialists (e.g. cardiologists) were under-represented in our data as the majority of physicians were primary care clinicians. Cardiovascular events could not be ascertained completely in our dataset, so the impact of different statins on the incidence of cardiovascular events could not be assessed. Longer follow-up studies with availability of both inpatient and outpatient data are needed to address the potential differential impact of statins on cardiovascular events.
Conclusions
The study results indicated that RSV is more effective in lowering LDL-C and total cholesterol among elderly and non-elderly patients than other statins. RSV is also more effective in attaining LDL-C goal among high-and moderate-risk patients for both elderly and non-elderly patients than other statins. For low-risk patients, in general there were no substantial differences in LDL-C goal attainment across statins (in particular between RSV vs. ATV, SMV and FLV). Rosuvastatin effectiveness (LDL-C reduction and goal attainment) has implications for physicians in selecting the optimal statin agent to meet their individual patient needs in both the Medicare-eligible patients and patients < 65 years of age. For both Medicare-eligible patients and < 65 years of age patients, RSV may be used in moderateand high-risk patients and generic statins may be used in low-risk patients to achieve effective and efficient management of dyslipidaemia. These findings provide physicians and healthcare plans with a better understanding of the differential effectiveness of statin therapy for patient care and formulary management.
